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Influence of carbon source decomposition process to CNT growth
from carbon solid seeds at high temperature
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[Introduction] As one of factors proved to influence the formation of carbon nanotube (CNT) structure in
chemical vapor deposition (CVD) system, the carbon source decomposition reactions happened in gas-phase has
gained more attention recently. Among various intermediates generated from carbon source pyrolysis process, C»
and C4 species have been recognized as key products to enhance CNT growth efficiency [1,2]. In our previous
work [3], through the usage of two-stage growth method with the injection of etchants (water vapor or carbon
dioxide), the yield of high-quality CNT has been improved by the further comprehension of growth driving force
and the etching effects of growth enhancer. Nevertheless, thinking about the significant influence of carbon
feedstock constituent, as the first part of CVD progress, the pyrolysis process still needs efforts to illustrate and
find out the crucial intermediates for promoting CNT growth. In this work, we focused on analyzing the difference
of CNT growth results caused by using different carbon feedstock, C,H» and C,H4. Based on this, the influence of
gas-phase pyrolysis behavior to CNT growth at high temperature will be studied.

[Experiment] Carbon nano-onion (CNO) was formed by heating nanodiamond at 1000°C in Ar for 1 hour and
works as the growth seed in CNT synthesis. To compare the growth behavior, C;H, and C,Hs were used as the
carbon feedstock independently in the two-stage growth method. In the first stage for cap formation, the partial
pressure of the growth gas (C,Ha/Ar or CoH4/Ar) has been adjusted through mass flow controller at 850-900°C to
balance the influence by temperature and partial pressure. Then, for the second growth stage, the temperature was
increased to 1000°C to continue growing the tube part (30 min). The partial pressure of the carbon source gas was
kept as low as 0.5 Pa for C,H» and 5 Pa for C,Hs. The quality (G and D bands) and yield (G band observation
frequency) of the grown CNT were characterized by Raman spectra using 633 nm excitation.

[Result and discussion] Raman spectra in Fig. 1 (a) R ) C,H,
compare the growth behavior with different carbon TEad
feedstock utilized in two-stage growth and with/without
water vapor injection. The growth condition for these
samples were optimized for high quality CNT growth.
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injection of water vapor. Figure 2 shows growth yield
evaluated by G band observation frequency in each step
of the growth process, namely initial growth,
temperature rising, and stationary growth of CNT. In the
case of C,H, (Fig. 2(a)), the CNT growth has been

accelerated significantly while the growth step enters
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Z(b) Higher grOWth rate tends to appear at lower Fig. 2 Growth yield variation comparison in two-stage growth process
temperature before the stationary growth step with or with using CHz () and CoHs (b) as the feedstock

without the water vapor injection. Related to the growth stage, it also could be found that the pyrolysis products
of C,H, prefer to enhance CNT tube formation in the stationary growth stage. As for the C,H4 case, such products
prefer to enhance CNT cap formation in the initial growth stage, while the overloading of intermediates prevented
the further tube growth process at the stationary growth step. These results indicate that the intermediates produced
from gas-phase reaction will influence the CNT growth efficiency with playing roles in different growth stages.
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